Active site topologies of bacterial cytochromes P450101 (P450cam), P450108 (P450terp), and P450102 (P450BM-3). In situ rearrangement of their phenyl-iron complexes.
The reactions of cytochromes P450101 (P450cam), P450108 (P450terp), and P450102 (P450BM-3) with phenyldiazene result in the formation of phenyl-iron complexes with absorption maxima at 474-478 nm. Treatment of the cytochrome P450 complexes with K3Fe(CN)6 decreases the 474-478 nm absorbance and shifts the phenyl group from the iron to the porphyrin nitrogens. Acidification and extraction of the prosthetic group from each of the ferricyanide-treated enzymes yields a different mixture of the four possible N-phenylprotoporphyrin IX regioisomers. The ratios of the regioisomers with the phenyl ring on pyrrole rings B, A, C, and D (in order of elution from the high performance liquid chromatography column) are, respectively: cytochrome P450cam, 0:0:1:4; P450terp, 0:0:0:1; and P450BM-3, 2:10:2:1. The isomer ratio for recombinant cytochrome P450BM-3 without the cytochrome P450 reductase domain (2:9:2:1) shows that the reductase domain does not detectably perturb the active site topology of cytochrome P450BM-3. Potassium ions modulate the intensity of the spectrum of the phenyl-iron complex of cytochrome P450cam, but do not alter the N-phenyl isomer ratio. Computer graphics analysis of the crystal structure of the cytochrome P450cam phenyl-iron complex indicates that the active site of cytochrome P450cam is open above pyrrole ring D and, to a small extent, pyrrole ring C, in complete agreement with the observed N-phenylprotoporphyrin IX regioisomer pattern. The regioisomer ratios indicate that the active site of cytochrome P450terp is only open above pyrrole ring D, whereas that of cytochrome P450BM-3 is open to some extent above all the pyrrole rings but particularly above pyrrole ring A. The bacterial enzymes thus have topologies distinct from each other and from those of the mammalian enzymes so far investigated, which have active sites that are open to a comparable extent above pyrrole rings A and D.